Introduction
Heavy metal pollution has been one of the most challenging environmental problems due to their toxicity, persistence and bioaccumulation tendencies [1] . Most industries produce and discharge metal-containing wastes mostly into water bodies, which affect the aesthetic quality of the water and increase the concentrations of metals present [2] . Activities such as mining and smelting operations, wastewater treatment facilities, various agricultural works and metal castings contribute significantly to the concentration of heavy metals in the environment [3] . Heavy metal contamination is not a recent problem, but its management and prevention are still of global concern. Examples of involved heavy metal ions include Cd can cause diseases such as deformation of bones, extra cholesterol intake, and anemia. The allowable amount of copper is 2 mg/L, according to the European Union standards [4] .
Several techniques have been designed for heavy metals removal from aqueous solutions and these include ion exchange, chemical precipitation/co-precipitation, filtration, coagulation, membrane technologies and commercial activated carbon. The major disadvantages of these methods lie in the cost involved, the efficiency of the processes and disposal of wastes generated [5] . Technologies to treat Cu 2+ contaminated waters include (i) adsorption both in batch and column operations [6] , (ii) coagulation, electro coagulation and flocculation, (iii) ion exchange, and (iv) membrane filtration [7] . Convenient designing and operation made adsorption in packed beds the most applicable practice among these technologies, in a frugal approach [8] . Adsorption processes can eliminate many contaminants in a multibarrier approach. There is a growing interest in the application of plant biomass for water treatment in general and aqueous Cu 2+ removal. The main advantage of plant biomass is that they are readily available and can work under near neutral pH. The contaminant removal mechanism by this class of material is not established. It is currently understood that the driving force for decontamination relies in its affinity to several species present in the biomass structure (e.g. Ca
2+
, Mg
, OH -and -NH2, cellulosic groups). Relevant removal mechanisms include bio sorption, ion-exchange and physical adsorption [9] . In recent years, several plant materials have been positively tested for Cu 2+ removal including (i) cinnamomum camphora [10] and (ii) modified barley straw [11] . A literature reviews indicates that Cane Papyrus hasn't yet been used for Cu +2 removal from industrial waste water.
This study presents the use of Cane Papyrus as a potential, novel, environmentally friendly and lowcost adsorbent for the remediation of Cu 
Experimental Section
Preparation of adsorbent Cane Papyrus was collected from farmlands in the marshes of Messan, south of Iraq. The leaves were carefully detached from the stem of the plant and washed thoroughly with tap water to remove dirt, soil particles and debris and subsequently sun dried for l0 days. The dry biomass was ground to fine powder using a hammer mill and weighed. The resulting powder was fractionated using analytical sieves. Particles of l0-200 µm were used for simulated wastewater samples. The adsorbent showed a fluffy and highly porous and rough microstructure containing some voids and cracks which is suitable for the adsorption of Cu ions on the surface of the used adsorbent was removed by washing it three times with ultra-pure water. De-ionized water, 1M NaOH and 1M HCl were tested as potential desorbing agents. 40ml of the desorbing agents were introduced into a l00 ml Teflon container containing the recovered adsorbent and equilibrated for 60 min at a speed of 200 rpm and T = 25C o . The aqueous solutions after equilibration were centrifuged and the supernatant were analyzed to determine the concentration of Cu +2 ions after desorption.
Results and Discussion

Infra-Red Spectroscopy Results
The results from the Fourier transform infra-red showed a broad peak at 3000 cm can be due to the presence of an alkyl halide. Also confirmed that mucilage extracted from Diceriocaryum species contains carboxyl functional group. The presence of acidic functional groups is responsible for its adsorptive property. The stated clearly from their studies of natural plant materials that the biochemical characteristics of acidic functional groups are responsible for their metal ion uptake [12] . /g for activated carbon from macadamia nuts used for phenol removal and maize tassels for heavy metal removal from polluted waters, respectively although adsorbents with higher surface areas have been widely reported in literature [13] . ions from aqueous solution was estimated by using Equation (l):
where Ci and Cf are the initial and final metal ion concentrations, respectively.
The equation 2 show that, qe is the amount of metal adsorbed in mg/g, Ci and Ce represent initial and equilibrium concentrations of metal ions in aqueous phase. V is the volume of the solution in liters (l) and W is the weight of the adsorbent used in grams".
Effect of pH
Effect of pH on the variation of adsorption on the time of contact is presented in Fig.2 ions removal with increase in pH values can be explained on the basis of a decrease in competition between proton and the metal cat-ions for reactions with the same functional groups. Another parameter is the decrease in positive charge of the adsorbent which results in a lower electrostatic repulsion between the metal cat-ions and the surface. Carboxyl and sulfate groups have been identified as the main sites for attachment of metal ions with the main chemicals in seaweed and, as these groups can have acidic property, their presence is pH dependent. These groups generate a negatively charged surface at the pH range of 3.5-5.0 and electrostatic interactions between cationic species and this surface is responsible for metal uptake. As the pH increased, the ligands such as carboxylate groups in Sargassum sp. would be exposed, increasing the negative charge density on the biomass surface, enhancing the attraction of metallic ions with positive charge and allowing the bio sorption onto the cell surface. With increasing pH, the rate of adsorption also increases with the optimum pH of 4 for copper bio sorption. Copper ion forms an insoluble hydroxide which is precipitated at pH values higher than 4 and consequently no adsorption takes place. It is obvious that metal adsorption depends on the nature of the adsorbent surface. At low pH, the H + ions compete with metal ions for the exchange sites in the system, thereby partially release metal ions. The heavy metals are completely released at very low pH values. The minimum amount of adsorption takes place at pH 2 and then increases with decreasing acidity of the solution. The minimum adsorption at low pH ≤ 2 may be due to higher concentration and higher mobility of H + ions which are preferentially adsorbed over metal ions. ions means more opportunities contacts with a constant amount of the adsorbent. It is expected that when the initial ion concentration is increased, the rate of adsorption would be increased. With reference to the limitation of the adsorption sites, increasing the initial Cu 2+ concentration would reduce the ratio of Cu +2 which might be absorbed relative to the total amount of copper ions in the solution. 
Effect of Adsorbent Dosage
Adsorption Isotherms
Experimental data for the adsorbed metal against initial concentration were fitted into the langmuir and Freundlich adsorption isotherms. The Langmuir model [14] assumes that the adsorption of an ideal gas on an ideal surface occurs only at fixed number of sites and each site can only hold one adsorbent molecule (monolayer). It also assumes that all available sites are equivalent and there is no interaction between adsorbed molecules on adjacent sites. The linearized equation for langmiur model [15] is represented by Equation (3) . (3) where Ce is the equilibrium concentration of the metal ion (mg/l), qe is the quantity of Cu +2 ions adsorbed at equilibrium (mg/g), qmax is the maximum amount adsorbed (mg/g) and b is the adsorption constant (l/mg). The plot of l/qe against l/Ce gave a straight line with a regression coefficient of 0.8442 (Fig.6) indicating that the adsorption conforms to langmuir model. The maximum concentration of Cu +2 ions adsorbed and the adsorption capacity was calculated from the slope and intercept of the plot and are shown in Table 3 . The conformity of the adsorption process to langmuir model was determined using Equation (4).
Rl
where Rl is the separation factor, Co is the initial metal concentration (mg/l) and b is the langmuir constant (l/mg). Rl > l indicates an unfavorable monolayer adsorption process, Rl = l linear, 0 < Rl < l favorable and Rl = 0 irreversible. The result obtained from this study has an Rl value between zero and one, indicating a favorable adsorption process. This implies that chemisorptions process duly explains the adsorption of Cu +2 ions onto Cane Papyrus. (5) where Kf is the adsorption capacity (l/mg) and l/n is the intensity of the adsorption showing the heterogeneity of the adsorbent site and the energy of distribution . Equation (6) was obtained by taking the logarithm of Equation (5): logqe = log Kl+ logCe (6) A plot of logqe against logCe gave a linear graph with a regression coefficient of 0.95 (Fig.7) , indicating that the adsorption also fits into Freundlich model. From the linearized coefficients obtained from both models, the langmuir model best described the adsorption process than the Freundlich model. This suggests a chemisorptions process rather than a physisorption process. The constants obtained for the Freundlich and langmuir plot is presented in Table 3 . A maximum adsorption capacity of 116.3 mg/g was obtained in this study for the adsorption of Cu 
The Models of Adsorption Reaction
The mechanism adsorption reactions are usually carried out using adsorption reaction models and adsorption diffusion models. Both models are used to understand the kinetics of the reaction. The linearized equations for the pseudo first and pseudo second order kinetics are presented in Equations (7) and (8), respectively. ions adsorbed at equilibrium and at a given time t; kl and k2 are the rate constants of pseudo first and pseudo second order models. The pseudo first order kinetic model [17] was used to treat the experimental data obtained by plotting log(qe-qt) vs. equilibration time (Fig. 9) . A linearity coefficient of 0.8261 was obtained. Similarly, a linear graph (R2 = 0.9508) was obtained by plotting t/qt values against time t (Fig. 8) . The pseudo second order best describes the kinetics of the adsorption process and this agrees with other results reported in the literature. The result obtained from the kinetic plot favors chemisorptions mechanistic pathway rather than physisorption. Mechanism Based Model Weber-Morris mechanistic model in Equation 9 was used to ascertain whether intraparticle diffusion or film diffusion (external diffusion) is the rate-controlling step.
where kd is the intra-particle diffusion rate constant (mg/g min −0.5
) and I (mg/g) is a constant describing the thickness of the boundary layer. A linear plot of qt versus t 1/2 passing through the origin will suggest intra-particle diffusion as the sole rate-determining step. However, if a linear plot was obtained that is not passing through the origin, it means the adsorption process is controlled by more than one mechanism. In this study, a linear plot was obtained that did not pass through the origin (Fig.10) , suggesting that the mechanism of the reaction is multilinear and the rate-limiting reaction is controlled both through film diffusion and intra-particle diffusion. 
Desorption Studies
This study was carried out to assess the most suitable desorbing agent for eluting adsorbed Cu +2 ions from the surface of Cane Papyrus. The effects of de-ionized water, 0.5M NaOH and 0.5M HCl solutions were tested for their ability to remove the adsorbed Cu +2 ions from the surface of the adsorbent. HCl was a better desorbing agent and was able to recover 50% of Cu +2 ions adsorbed to the surface of the adsorbent. NaOH and de-ionized water showed desorption efficiencies of 25% and 2%, respectively. Desorption is beneficial for the separation and enrichment of Cu +2 ions as well as the regeneration of the adsorbent.
Conclusions
The adsorption ability of powdered Cane Papyrus has been investigated and found effective for the removal of Cu +2 ions from wastewater. Acidic functional groups present on the surface Sustainability of the adsorbent is believed to be responsible for the removal of Cu +2 ions from aqueous media. The Freundlich isotherm model gave a better description of the adsorption process than the langmuir isotherm model. Pseudo-second order kinetics best described the kinetics of the reaction while 0.5 M HCl was a better desorbing agent than 0.5 M NaOH and de-ionized water. 
